creases on increasing the bias above a characteristic value 8 ,. This characteristic bias shows a logarithmic decay on reducing the porosity, 8, --y ln(1 -p, ), with y =0.35. The permeability decays with the length (L, ) of the chains; at low polymer concentration it shows a power-law decay, o. -I. . . the exponent o. ' is nonuniversal and depends on both the porosity as well as the biased field (cr =1.64-3.73). We find that the biased field 8 and porosity p, affect the conformation of the chains. The radius of gyration R~o f the chains increases with increasing biased field in high porosity, while it decreases on decreasing the porosity at high field bias. In high porosity and low polymer concentrations, the radius of gyration shows a power-law dependence on the chain length, R~-L, , with v depending on the biased field {v=0.84 -0.94). In order to explain the deviations from the Darcy Law for the polymer Aow, a plausible nonlinear response theory via a power-law response formula is suggested; we point out the associated complexities involved in addressing the How [1, 2] has attracted considerable interest from ion and mass transport in complex polymer mixtures and molecular permeation in gels (electrophoresis) [3] at small scales to fiuid fiow through the porous sediments in marine geosciences [4, 5] with varied applications such as oil exploration, sedimentation processes, spreading of hazardous waste on the sea Hoor, etc. , at large scale. It is now well known that the shape and size distribution of the pores determine the physical and chemical properties such as permeability and viscoelastic nature of the host porous media. Studying the transport properties of porous media by analytical methods has been severely limited due to their intractabilities in solving the transport equations in highly ramified structures. Computer simulations, on the other hand, are useful in taking into account some of the structural nonlinearities, though they are limited to idealized model systems.
Several attempts [1 -10] have recently been made to study the transport properties of interacting particles by lattice gas approaches such as cellular automata, Boltzmann, interacting lattice gas, and hybrid methods. These particulate methods deal with the pointlike particles to study the Quid Aow through a porous medium or the conductivity of a heterogeneous material. We know that the transport properties of a heterogeneous media not only depend on the type of the host media (i.e. , degree of ramification and porosity) but also on the specific details such as shape, size, mass, etc. , of the mobile constituents. Particularly in polymer mixtures, the shape and size of the molecular species become very important in studying their transport properties [11, 12] Fig. 3 (a). In a homogeneous system (i.e. , porosity p, = 1), Fig. 4 for various biased fields. The permeability decreases on reducing (increasing) the porosity (barrier concentration); it decays down to zero near p, =0.60. In Fig. 10 is valid as long as the mass-current density is linearly proportional to the pressure difference. If this assertion is valid in our case, then we should obtain a linear fit of the data in a plot of current density j versus bias 8; Fig. 11 shows such a plot for various porosities (or barrier concentrations) where a strong deviation from the linear dependence is evident at all porosities. Even in the absence of barriers (pb =0. 0), the current density seems to increase nonlinearly with the bias. On reducing the porosity, the current density shows a nonmonotonic Sample ' For low barrier concentrations (pb &0. 15), the radius of gyration increases with increasing field bias, the increase is most rapid when there are no barriers. We observe that for the field bias B~0.5, the radius of gyration decreases on increasing the barrier concentration, the decrease is most rapid in high field bias. In the dilute limit of chains with low barrier concentrations, the radius of gyration shows a power-law dependence on the chain length, R -L, , with v depending on the field bias (%-0.84 -0.94).
An alternate approach to study such a nonlinear polymer flow through a porous medium is pointed out. We argue that a power-law response theory could be used as a starting point to capture the nonlinear dependence of the current density on the flow field. We plan to extend this study to systems with more realistic features such as full dynamics of chains, interaction, temperature, etc. We hope that such unusual transport phenomena reported here will stimulate further interest in these areas, both theoretically as well as experimentally.
